Higgins and Kastner as Streptoalloteichus tenebrarius nom. rev., comb. nov., and emended description of the genus Streptoalloteichus
Phylogenetic analysis of 'Streptomyces tenebrarius' NBRC 16177 on the basis of the 16S rRNA gene sequence revealed that this organism was related to Streptoalloteichus hindustanus. It possessed glutamic acid, alanine and meso-diaminopimelic acid as cell-wall amino acids, galactose, mannose and glucose as whole-cell sugars and the menaquinones MK-10(H 6 ), MK-10(H 4 ), ) and MK-9(H 4 ). The chemotaxonomic characteristics of this strain were consistent with those of the genus Streptoalloteichus. DNA-DNA hybridization, physiological, biochemical and chemotaxonomic data revealed that 'Streptomyces tenebrarius' can be easily differentiated from the other member of the genus Streptoalloteichus and that it merits separate species status. The phenotypic and genetic evidence reveals that 'Streptomyces tenebrarius' represents a novel species of the genus Streptoalloteichus; the name Streptoalloteichus tenebrarius (ex Higgins and Kastner) nom. rev., comb. nov. is proposed for this species. The type strain is NBRC 16177 T (5ATCC 17920
The genus Streptoalloteichus was proposed by Tomita et al. (1987) and is characterized by the following features: wall chemotype III/C, predominance of the isoprenoid quinones MK-9(H 6 ) and MK-10(H 6 ) and phospholipid type PII. At the time of writing, the genus comprises only one species, Streptoalloteichus hindustanus. Phylogenetically, the genus Streptoalloteichus is a member of the suborder Pseudonocardineae within the order Actinomycetales. The type strain of Streptoalloteichus hindustanus produces tallysomycins A, B and C and nebramycin factors II, IV9 and V9. On the other hand, 'Streptomyces tenebrarius' was reported by Higgins & Kastner (1967) as an actinomycete that produces nebramycin factors I to XIII. 'Streptomyces tenebrarius' and Streptoalloteichus hindustanus are known to have several important characteristics in common, such as cell-wall type, short spore-chain clusters, sclerotium formation, pale pinkish-yellow aerial mycelium, carbohydrate utilization profiles and thermoduric properties (Tomita, 1989) .
PCR amplification and sequencing of 16S rRNA genes and phylogenetic analysis were performed as described previously (Tamura & Hatano, 2001) , and maximumlikelihood (Felsenstein, 1981) analyses were performed using PAUP* 4.0b10 (Swofford, 2002) . The 16S rRNA gene analysis revealed that 'Streptomyces tenebrarius' NBRC 16177 formed a monophyletic cluster with Streptoalloteichus hindustanus NBRC 15115 T (Fig. 1) . Although the topologies of trees based on neighbour-joining and maximum-likelihood analysis (data not shown) were slightly different, the cluster of 'Streptomyces tenebrarius' NBRC 16177 and Streptoalloteichus hindustanus NBRC 15115 T was retained. The binary similarity value of the 16S rRNA gene sequences was 99.5 % between 'Streptomyces tenebrarius' NBRC 16177 and Streptoalloteichus hindustanus NBRC 15115
T .
Analyses of whole-cell sugar patterns, cell-wall amino acids, menaquinones, cellular fatty acids, phospholipids and DNA base composition were performed as described previously (Tamura et al., 1994) . Freeze-dried cells for chemotaxonomic analyses were obtained from a culture grown in yeast extract-glucose broth (yeast extract, 1.0 %; D-glucose, 1.0 %; pH 7.2) on a rotary shaker at 28 u C for 2 days. The predominant menaquinones of strain NBRC 16177 were MK-10(H 6 ), MK-10(H 4 ), MK-9(H 6 ) and MK-9(H 4 ). In addition, MK-10(H 8 ) and MK-9(H 8 ) were present as minor components. The strain contained mesodiaminopimelic acid, alanine and glutamic acid as the cellwall amino acids and galactose, mannose and glucose as the whole-cell sugars. The fatty-acid profile of 'Streptomyces tenebrarius' NBRC 16177 comprised iso-C 15 : 0 (23.6 %), anteiso-C 15 : 0 (9.4 %), iso-C 16 : 0 (11.0 %), 9-methyl-C 16 : 0 (8.3 %), iso-C 17 : 0 (14.7 %) and anteiso-C 17 : 0 (32.9 %) (see Supplementary Table S1 , available in IJSEM Online). The diagnostic phospholipid detected was phosphatidylethanolamine, corresponding to phospholipid type PII (Lechevalier et al., 1977) . The G+C content of the DNA was 71.6 mol%.
Morphological characteristics were observed using scanning electron microscopy as described previously (Tamura et al., 1994) . Determination of cultural and physiological characteristics was performed as described previously (Gordon et al., 1974; Seino et al., 1985; Shirling & Gottlieb, 1966; Yokota et al., 1993) . Previously reported data and the results of these analyses are provided in the species description and Table 1 . 'Streptomyces tenebrarius' NBRC 16177 formed rectiflexible or straight spore chains consisting of rod-shaped spores with a diameter of 0.7-1.5 mm. No sporangia and/or motile spores were observed. 'Streptomyces tenebrarius' NBRC 16177 was distinguished from Streptoalloteichus hindustanus NBRC 15115 T on the basis of the colour of the vegetative mycelium and diffusible pigment on inorganic salts-starch agar (ISP medium 4), utilization of maltose, L-arabinose, Dxylose, salicin and myo-inositol, tolerance to 7 % (w/v) NaCl and light sensitivity for the formation of aerial mycelium.
The microplate-hybridization method developed by Ezaki et al. (1988 Ezaki et al. ( , 1989 was applied to determine DNA-DNA relatedness. The DNA-DNA relatedness between 'Streptomyces tenebrarius' NBRC 16177 and Streptoalloteichus hindustanus NBRC 15115 T was 24.3-37.9 %. This confirmed that strain NBRC 16177 is a member of a novel species of the genus Streptoalloteichus.
On the basis of morphological, physiological and chemotaxonomic criteria, DNA-DNA relatedness and phylogenetic data, 'Streptomyces tenebrarius' can be classified under the genus Streptoalloteichus and readily distinguished from the previously known member of the genus. Therefore, we propose that 'Streptomyces tenebrarius' should be reclassified as Streptoalloteichus tenebrarius nom. rev., comb. nov. The original description of Streptoalloteichus indicated that the substrate mycelium rarely bears small sporangiumlike vesicles that envelope one spore or a single row of two to four spores with a single polar flagellum. However, Streptoalloteichus tenebrarius does not develop sporangium-like vesicles with motile spores. Thus, we provide an emended description of the genus Streptoalloteichus to encompass the properties of Streptoalloteichus tenebrarius.
Emended description of Streptoalloteichus (ex Tomita et al. 1978) Tomita et al. 1987 Streptoalloteichus (Strep9to.al.lo.tei9chus. Gr. adj. streptos bent, turned, used to refer to streptomycetes; Gr. adj. allos different; Gr. n. teichos wall; N.L. masc. n. Streptoalloteichus streptomycete with different wall).
The description is based on that given by Tomita et al. (1987) , with the addition that development of sporangialike vesicles with motile spores is a variable property. Gram-positive, non-acid-fast, aerobic actinomycetes that show well-branched and non-fragmenting substrate hyphae. Aerial mycelium bears chains of five to 50 spores (0.5-1.2 mm wide) at the tip of well-branched hyphae. The predominant menaquinones are MK-9(H 6 ) and MK-10(H 6 ). The cell-wall peptidoglycan contains meso-diaminopimelic acid. The predominant cellular fatty acids are iso-C 15 : 0 and anteiso-C 17 : 0 . Whole-cell hydrolysates contain D-galactose, D-mannose and L-rhamnose but no madurose. Phosphatidylethanolamine is present as the diagnostic phospholipid (phospholipid pattern type PII). The type species is Streptoalloteichus hindustanus.
Description of Streptoalloteichus tenebrarius (ex Higgins and Kastner) nom. rev., comb. nov.
Streptoalloteichus tenebrarius (te.ne.bra9ri.us. L. masc. adj. tenebrarius of or belonging to darkness, reflecting the sensitivity of the culture to light). T and members of the suborder Pseudonocardineae. The tree was constructed by using the neighbour-joining method (Saitou & Nei, 1987) . The 16S rRNA gene sequence of Streptomyces ambofaciens ATCC 23877 T was used as an outgroup of the tree. Bar, 0.01 K nuc in nucleotide sequences. Numbers on branches are confidence limits as percentages estimated from a bootstrap analysis with 1000 replicates.
Originally described as 'Streptomyces tenebrarius' by Higgins & Kastner (1967) . The description is based on data reported by Higgins & Kastner (1967) , Shirling & Gottlieb (1972) and Kämpfer et al. (1991) and data obtained in this study. Displays the following properties in addition to those given in the emended genus description. Straight spore chains are formed on short sporophores on the substrate mycelium. Spores possess a smooth surface and are short, non-motile rods (0.6-0.961.0-1.5 mm). No soluble pigment is produced on tyrosine agar (ISP medium 7). Starch is hydrolysed weakly; gelatin is hydrolysed. Calcium malate is not decomposed and milk is not coagulated or peptonized. Optimum temperature for growth is 20-30 u C; grows at 37 u C, but not at 45 u C. Grows on 8 % NaCl, but not on 10 % NaCl. N-Acetyl-Dgalactosamine, N-acetyl-D-glucosamine, arabonic acid, p- L-tryptophan, L-valine and ethanolamine are utilized (as sodium salts where applicable). Major menaquinones are MK-10(H 6 ), MK-10(H 4 ), MK-9(H 6 ) and MK-9(H 4 ). The DNA G+C content of the type strain is 71.6 mol% (HPLC). Shirling & Gottlieb (1972) and this study. Data for Streptoalloteichus hindustanus C677-91 T were taken from Tomita et al. (1978 Tomita et al. ( , 1987 and Tomita (1989 
